Primary fetal skin fibroblasts were isolated from monozygotic twins discordant for trisomy 21 [1] : Twin-N for the normal fibroblasts and Twin-DS for fibroblasts carrying trisomy 21 anomaly. These samples were obtained post mortem and the study was approved by the ethics committee of the Geneva University Hospital. Normal (Twin-N-iPSCs) and Down syndrome (Twin-DS-iPSCs) induced pluripotent stem cells (iPSCs) were established by transducing the parental fibroblasts (Twin-N and Twin-DS, respectively) with polycistronic lentiviral vectors expressing OCT4, SOX2, KLF4 and c-MYC genes [2, 3] . The generated iPSCs were cultured on human foreskin fibroblasts (ATCC, CCD 1112Sk, Manassas, USA) that were mitotically inactivated by irradiation at 35 Gy before seeding on a gelatin-coated 6-well plate at 3.5 × 10 5 cells/plate.
IPSC colonies were maintained with daily changes in Knock-out The use of iPSCs derived from monozygotic twins has allowed us to study the effect of the supernumerary chromosome 21 without the biological "noise" that could result from the variability of individual genetic background. The purpose of this RNAseq analysis was to identify differentially expressed genes between Twin-NiPSCs versus Twin-DS-iPSCs.
Dulbecco's Minimal Essential Medium supplemented with 20% KO serum replacement, 1 mM L-glutamine, 100 μM non-essential amino acids, 100 μM 2-mercaptoethanol, 50 U/mL penicillin and 50 mg/mL streptomycin (all from Gibco, Invitrogen, Basel, Switzerland) and 100 ng/mL human basic fibroblast growth factor (bFGF, Peprotech, London, UK). All iPSC lines were passaged by manual dissection of cell clusters in the presence of 10 μM ROCK-inhibitor Y-27632 (Sigma-Aldrich, Buhs, Switzerland) [4] .
RNA extraction and gene expression analysis by mRNA sequencing
Total RNA was extracted from the cell lines, using the QIAGEN (Hilden, Germany) RNeasy MiniKit according to the manufacturer's protocol (Invitrogen). RNA integrity and quantity were assessed with an Agilent (Santa Clara, CA, USA) 2100 bioanalyser, using RNA 6000 nanochips. mRNA-Seq libraries were prepared from 500 ng of total RNA using the Illumina TruSeq™ RNA Sample Preparation kit (Illumina RS-930-2001), following the manufacturer's instructions. Libraries were sequenced on the Illumina HiSeq 2000 instrument to generate 100 bp paired-end reads. Those reads were mapped against the genome (hg 19) using the default parameters of the Burrows-Wheeler Aligner (BWA) [5] . An expression signal was detected in at least one sample for 20456 genes (comprising also non-coding RNA). For each gene, the level of expression was determined by calculating the exon coverage (custom pipeline) and normalizing in Reads Per Kilobase per Million (RPKM). Twin-DS-iPSCs and Twin-N-iPSCs samples were sequenced in three and four biological replicates, respectively, starting from different RNA preparations. Differential expression between Twin-N-iPSCs and Twin-DS-iPSCs was assessed using the default parameters of EdgeR (version 2.4.6) [6] and DESeq (version 1.6.1) [7] programs in R (version 2.14.0). Only the genes with more than 1 read per million in at least 3 replicates were conserved for this analysis. Bonferroni correction was applied to adjust for multiple testing. A gene was considered differentially expressed if the Bonferronicorrected P-value was lower than 0.01 with both methods. Analysis of the functional annotations associated with the differentially expressed genes was performed using DAVID (Database for Annotation, Visualization and Integrated Discovery) [8, 9] .
Discussion
Since the discovery that Down syndrome (DS) is caused by a trisomy of chromosome 21 (HSA21), a major challenge in DS research has been the recapitulation of DS phenotype and the identification of the mechanisms by which the extra copy of HSA21 leads to DS phenotypes [10] . In this respect, disease-specific iPSCs has opened up a new exciting avenue for the modeling and the correction of the phenotypes associated with several neurological diseases (reviewed in [11] ). In our recent study, fetal skin fibroblasts isolated from monozygotic twins discordant for trisomy 21 [1] , were used to establish normal and DS induced pluripotent stem cells (iPSCs): Twin-N-iPSCs for the normal iPSCs and Twin-DS-iPSCs for the iPSCs carrying trisomy 21 [4] (Fig. 1) . As expected for cells that have acquired a pluripotent state, Twin-N-iPSCs and Twin-DS-iPSCs expressed markers of pluripotent cells, showed alkaline phosphatase activity, and differentiated in vitro and in vivo into the three embryonic germ layers mesoderm, ectoderm and endoderm [4] .
Then, whole transcriptome analysis was performed using mRNA-Sequencing and the normalized gene expression levels were compared between Twin-N-iPSCs and Twin-DS-iPSCs. Differential expression analysis was performed using the statistical R packages EdgeR and DESeq. Under these conditions, we obtained a list of 624 upregulated and 580 downregulated genes expressed in Twin-DS-iPSCs in comparison with Twin-N-iPSCs (listed in Table 1 ). The gene ontology (GO) analysis of the 624 genes upregulated in Twin-DS-iPSCs using DAVID showed enrichment for functions predominantly related to the regulation of RNA metabolic processes and regulation of transcription. The GO analysis of the 580 genes downregulated in Twin-DS-iPSCs revealed significant enrichment for genes involved in multiple developmental processes including embryonic development and morphogenesis, organ development and morphogenesis, cellular adhesion and others [4] . Such alterations observed at the iPSC level illustrate the developmental disease transcriptional signature of Down syndrome.
Considering our results and the recent studies recapitulating and rescuing the phenotypes associated with several neurological diseases using pluripotent stem cell-based models (reviewed in [11] ), we believe that a combination of the transcriptional profiling with the possibility to derive in principle all cell type relevant for the disease will contribute to a better understanding of the initiation and the development of DS and ultimately to the design of new therapies.
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Twin-N Twin-DS Fig. 1 . Schematic representation of Twin-N and Twin-DS fibroblast reprogramming into Twin-N-iPSCs and Twin-DS-iPSCs. Primary fetal skin fibroblasts were isolated from monozygotic twins discordant for trisomy 21 (Twin-N for the normal fibroblasts and Twin-DS for the fibroblasts carrying the trisomy 21 anomaly) and used to establish normal and DS induced pluripotent stem cells (iPSCs) using OCT4, SOX2, KLF4 and c-MYC genes: Twin-N-iPSCs for the normal iPSCs and Twin-DS-iPSCs for the iPSCs carrying trisomy 21 [4] . Table 1 List of the differentially expressed genes between Twin-N-iPSCs and Twin-DS-iPSCs. Conservative list of 624 upregulated and 580 downregulated genes expressed in Twin-DS-iPSCs in comparison with Twin-N-iPSCs obtained with the statistical R packages EdgeR and DESeq (with a Bonferroni-corrected P-value lower than 0.01).
Conservative list of 580 downregulated genes expressed in Twin-DS-iPSCs in comparison with Twin-N-iPSCs (with a Bonferroni-corrected P-value lower than 0.01).
Conservative list of 624 upregulated genes expressed in Twin-DS-iPSCs in comparison with Twin-N-iPSCs (with a Bonferroni-corrected P-value lower than 0.01). , TSIX, HOXA2, DPP6, FAM181A, MMRN1, SOX1, POU3F2, DMRT2,  RXRG, HOXB3, GALP, DLX1, RFX4, HGC6.3, NKX2-3, APLNR, SCRG1, HOTAIRM1, RHOJ,  HOXB2, NR2F1, SERPINA3, CLEC1A, LOC440925, SOX17, H19, DKK2, SP5, VCAM1,  CLEC3A, SMOC1, CLDN16, WNT1, NTRK2, TBX15, BMP5, CDH5, OTOF, FGF3, MX2, LRRN3,  RD3, HABP2, BCHE, EPHA3, EYA4, ISLR2, CDH10, CCDC33, PAX3, LOC283731, DACH1,  FLJ31485, COL2A1, BAHCC1, PCDH10, OLIG3, LRRC7, CDH6, RFTN2, CYTL1, SPATA16,  ATOH8, ASXL3, DLX2, LGR5, GBX2, MAPK10, SLITRK1, CLEC18B, EOMES, PAX2, ZBTB16,  SP8, GLRA1, LOC339535, F13A1, SOX5, RNASE1, AFF3, CCDC48, EGFLAM, UNC5C, GATA4,  FZD10, FGF17, NCALD, NCRNA00261, GDF10, MEIS2, CNTFR, NDNF, APOLD1, CDH9,  LRRC17, TLR4, EBF2, MGP, MEF2C, ZEB2, FOXA1, SERPINA5, RNF165, GATA6, TAGLN3 C6orf118, CHD7, HHAT, SIX1, SCUBE3, DUSP4, SETBP1, SEZ6L, LOC100505881,  IQSEC3, BTBD17, VASH1, SORCS2, C5orf38, TMEM169, FLI1, ADCY8, PMFBP1, LYPD1,  FRMD4A, RGAG4, MLLT3, SP140L, CHCHD2, C3orf70, DUSP27, PHC2, ZNF518B, PDE4D,  MLLT6, MBNL2, FAM38B, C14orf80, NOVA1, PRR4, COL11A1, PRMT8, LGI4, DNAH9,  POMZP3, IRX2, DAGLA, MATN3, SDSL, C15orf38, CDH4, PCDHGB6, SRCIN1, SIM2, GYPC,  FRMD4B, ONECUT2, STK31, HTRA3, LOC100506190, COL13A1, TMEM132E, EFNB2,  FHOD3, CSRNP3, WFIKKN1, CITED1, CAMK2D, PMP22, SYTL2, DENND2A, SOCS3, ZNF704,  COLEC12, PRR5L, PDK1, TNFAIP6, DCHS1, PCDHGC4, CUEDC1, FIGNL2, TET2, TBC1D9,  PNMA2, GRASP, CTCFL, EFNA5, SNCG, LIMCH1, GSTM3, PCDHGC5, RP9P, LIPG, PCDHGC3,  SEMA3A, CRNDE, SLC35F1, KMO, ZADH2, PCDHGA10, PCDHGA9, LRRC27, PCDHGA2,  PCDHGA1, BAI1, PCDHGA5, PCDHGA7, PCDHGB1, GFRA2, PCDHGA8, PIK3R1, MGC45800,  CPNE8, PCDHGB3, LOC255480, PCDHGA3, EDNRA, PCDHGB2, ARRB1, MXRA5, PCDHGA6,  PCDHGB7, ZSWIM6, PCDHGA12, PLEKHA4, BTG2, WIPF1, SOX10, PCDHGA4, IFT140,  MDFIC, LOC283624, PCDHGB4, TNRC18, KIAA0101, TRIB2, PCDHGB5, SERTAD4, COL9A2,  RNASEL, SYT12, ARC, ID3, ZIC2, IFITM2, LPAR6, ESPNL, HECTD2, H2AFY2, CD99L2,  PCDHGA11, NIN, STK32B, SDC2, MN1, ZNF664, COL5A2, SDC3, LPHN2, RNF175,  LGALS3BP, SPRY2, CPE, APBA2, ANKRD6, CPXM1, SPRY1, C11orf9, SSBP2, TMSB15A, FZD3,  CADM1, NTN1, HTR7, ANTXR2, UHRF1, CCDC167, PCDH18, FAM84A, FKBP7, AADAT,  TTC28, BMI1, CDK6, S1PR3, TTC3, PALLD, COMMD3-BMI1, ADAMTS10, KLF12, H2AFY,  LMF1, OPN3, TTC3P1, SFRP1, LOC730101, WDR90, FAM115A, MXD4, KIAA1644, FAM89B,  CCNG2, ITPKB, TCHP, ST3GAL3, MEX3B, BCL7A, ZNF862, ZNF624, DNAJC15, HEG1, CO-L4A2, SRRM5, EFS, LCOR, H1F0, MDFI, ALG10B, ENC1, DACT3, SPSB4, SUFU, RNF144A,  RNF19A, ANGPTL2, PFKFB4, CD47, GPR153, ITGA4, SEMA5A, PIK3R3, COL9A1, CARD8,  ZHX2, ARHGEF40, ELFN1, ZNF280C, C5orf24, GPR161, MCF2L, CAP2, GPSM1, CDK19,  CCDC80, GSTA4, PGAP1, KDM6B, CCDC50, ULK2, CCND2, SESTD1, ADAMTS4, SENP7,  SMAD3, CSF1, DDHD2, MAP1B, DENND5B, TCF12, YPEL1, PCBP4, SEMA6C, EMILIN1,  CPNE2, IGFBP2, MAP7D1, HDAC6, KLF6, JUN, MSI1, ODZ3, APPBP2, FAM176B, C1RL,  TMEM123, RGMA, CHD3, MEIS3P1, VIM, FAM113A, MEIS3, CSPG4, PLEKHO1, C6orf89,  GPR173, KLF3, DOCK1, NAB1, LOXL2, F2R, ZFP90, SLC35E2, CMTM3, GPX7, LOXL1, LPIN2,  SVIL, BTBD6, PDLIM7, TYMS, SHF, ENOSF1, RALGDS, B3GALNT1, GALC, B3GNT5, DOCK7,  ZIC5, CDK14, ITGA5, MEGF6, FAM172A, ST5, PAM, STK40, ZMIZ1, EGLN1, JAG1, BNIP3L,  UBE2J1, EMID2, BAZ1A, ZNF740, COL4A1, HOOK3, TFDP2. 
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